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Supplementary Table S1. Composition of P/P state SSU model. 
 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Protein/RNA name Chain ID 
in SSU 

Uniprot ID 
(GenBank ID) 

Complete 
size 

Modeled Homologous 
Ec size 

comments 

16S rRNA a X52922.1 1528 9-1518 1541  

uS2 b A0QVB8 277 1-228 241  

uS3 c A0QSD7 275 1-210 233  

uS4 d A0QSL7 201 2-201 206  

uS5 e A0QSG6 214 17-214 167  

bS6 f A0A0D6J3X3 96 1-96 135  

uS7 g A0QS97 156 1-156 179  

uS8 h A0QSG3 132 3-132 130  

uS9 i A0QSP9 150 25-150 130  

uS10 j A0QSD0 101 5-101 103  

uS11 k A0QSL6 138 22-138 129  

uS12 l A0QS96 124 2-123 124  

uS13 m A0QSL5 124 2-117 118  

uS14 n A0QSG2 61 2-61 101  

uS15 o A0QVQ3 89 2-88 89  

bS16 p A0QV37 156 2-114 52  

uS17 q A0QSE0 98 6-97 84  

bS18 r A0R7F7 84 16-79 75  

uS19 s A0QSD5 93 6-83 92  

bS20 t A0R102 86 3-86 87  

bS22 u A0QR10 33 2-33 -  

P-site tRNAfMet v  CP011124.1 77 1-77 77 Ec P-tRNAfMet 
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Supplementary Table S2. Composition of P/P state LSU model. 
 
 

 

 

Protein/RNA name Chain ID 
in LSU 

Uniprot ID 
(GenBank ID) 

Complete 
size 

Modeled Homologous Ec 
size 

comments 

23S rRNA A NR_076104.1 3120 2-3119 2897  

5S rRNA B NR_075650.1 118 1-117 120  

uL1 - A0QS46 235 -  not visible 

uL2 C A0QSD4 278 3-275 273  

uL3 D A0QSD1 217 2-215 209  

uL4 E A0QSD2 215 3-209 201  

uL5 F A0QSG1 187 6-186 179  

uL6 G A0QSG4 179 2-177 177  

bL7/bL12 -   -  not visible 

bL9 H A0R7F6 151 1-151 149  

uL10 I A0QS62 175 1-126 165  

uL11 J A0QS45 142 10-142 142  

uL13 K A0QSP8 147 1-147 147  

uL14 L A0QSF9 122 1-121 123  

uL15 M A0QSG8 147 3-147 144  

uL16 N A0QSD8 138 1-134 136  

bL17 O A0QSL9 199 2-118 127  

uL18 P A0QSG5 127 2-127 117  

bL19 Q A0QV42 113 1-113 115  

bL20 R A0QYU6 129 2-125 118  

bL21 S A0R151 103 2-103 103  

uL22 T A0QSD6 153 6-119 110  

uL23 U A0QSD3 100 4-97 100  

uL24 V A0QSG0 105 1-105 104  

bL25 W A0R3D2 215 6-193 94  

bL27 X A0R150 88 5-86 85  

bL28 Y A0QV03 64 2-64 78  

uL29 Z A0QSD9 77 5-57 63  

uL30 1 A0QSG7 61 2-61 59  

bL31 2 A0R215 82 1-66 70  

bL32 3 A0R3I9 57 2-55 57  

bL33 4 A0QS39 55 6-55 55  

bL34 5 A0R7K0 47 3-47 46  

bL35 6 A0QYU7 64 2-64 65  

bL36 7 A0QSL4 37 1-37 38  

bL37 8 A0QTP4 24 2-24 -  
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Supplementary Table S3. Composition of hibernating state LSU model. 

 

 

 

Protein/RNA 
name 

Chain ID 
in 50S 

Uniprot ID 
(GenBank ID) 

Complete 
size 

Modeled Homologous Ec 
size 

comments 

23S rRNA A NR_076104.1 3120 2-3119 2897  

5S rRNA B NR_075650.1 118 1-117 120  

uL1 - A0QS46 235 -  not visible 

uL2 C A0QSD4 278 3-275 273  

uL3 D A0QSD1 217 2-215 209  

uL4 E A0QSD2 215 3-209 201  

uL5 F A0QSG1 187 6-186 179  

uL6 G A0QSG4 179 2-177 177  

bL7/bL12 -   -  not visible 

bL9 H A0R7F6 151 1-151 149  

uL10 I A0QS62 175 1-126 165  

uL11 J A0QS45 142 10-142 142  

uL13 K A0QSP8 147 1-147 147  

uL14 L A0QSF9 122 1-121 123  

uL15 M A0QSG8 147 3-147 144  

uL16 N A0QSD8 138 1-134 136  

bL17 O A0QSL9 199 2-118 127  

uL18 P A0QSG5 127 2-127 117  

bL19 Q A0QV42 113 1-113 115  

bL20 R A0QYU6 129 2-125 118  

bL21 S A0R151 103 2-103 103  

uL22 T A0QSD6 153 6-119 110  

uL23 U A0QSD3 100 4-97 100  

uL24 V A0QSG0 105 1-105 104  

bL25 W A0R3D2 215 6-193 94  

bL27 X A0R150 88 5-86 85  

bL28 Y A0QV03 64 2-64 78  

uL29 Z A0QSD9 77 5-57 63  

uL30 v A0QSG7 61 2-61 59  

bL31 y A0R215 82 1-66 70  

bL32 z A0R3I9 57 2-55 57  

bL33 1 A0QS39 55 6-55 55  

bL34 2 A0R7K0 47 3-47 46  

bL35 3 A0QYU7 64 2-64 65  

bL36 4 A0QSL4 37 1-37 38  

bL37 5 A0QTP4 24 2-24 -  
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Supplementary Table S4. Composition of hibernating state SSU model. 
 
 

 

 

 

 

 

 

 

Protein/RNA name Chain ID 
in SSU 

Uniprot ID 
(GenBank ID) 

Complete 
size 

Modeled Homologous 
Ec size 

comments 

16S rRNA a X52922.1 1528 9-1518 1541  

uS2 b A0QVB8 277 1-228 241  

uS3 c A0QSD7 275 1-210 233  

uS4 d A0QSL7 201 2-201 206  

uS5 e A0QSG6 214 17-214 167  

bS6 f A0A0D6J3X3 96 1-96 135  

uS7 g A0QS97 156 1-156 179  

uS8 h A0QSG3 132 3-132 130  

uS9 i A0QSP9 150 25-150 130  

uS10 j A0QSD0 101 5-101 103  

uS11 k A0QSL6 138 22-138 129  

uS12 l A0QS96 124 2-123 124  

uS13 m A0QSL5 124 2-117 118  

uS14 n A0QSG2 61 2-61 101  

uS15 o A0QVQ3 89 2-88 89  

bS16 p A0QV37 156 2-114 52  

uS17 q A0QSE0 98 6-97 84  

bS18 r A0R7F7 84 16-79 75  

uS19 s A0QSD5 93 6-83 92  

bS20 t A0R102 86 3-86 87  

bS22 u A0QR10 33 2-33 -  

E-site tRNAfMet w  CP011124.1 77 1-77 77 Ec E-tRNAfMet 

HPF x A0QTK6 230 31-130 95 Rigid body 
fitted 

bS1 0 A0QYY6 479 223 
residues 

556 Rigid body 
fitted 
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Supplementary Table S5. Composition of trans-translating state model. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Protein/RNA 
name 

Chain ID in 
SSU 

Uniprot ID 
(GenBank ID) 

Complete 
size 

Modeled Homologous Ec 
size 

comments 

tmRNA A HG522090.1 369 1-369 363 Rigid body fitted 

A-site tRNAfMet B CP011124.1 77 1-77 77 Ec A-tRNAfMet, Rigid 
body fitted 

SmpB C A0QU63 161 1-161 160 Rigid body fitted 
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Supplementary Table S6. Model refinement statistics for the Ms 50S and 30S 

ribosome subunits and the complete 70S ribosome in P/P state.  
 

Field 
 

 
SSU 

 
LSU 

 
70S Ribosome 

Data Collection    
Particles 391,837 391,837 391,837 
Pixel Size (Å) 1.05 1.05 1.05 
Defocus Range (µm) 0.3 – 4.3 0.3 – 4.3 0.3 – 4.3 
Voltage (kV) 300 300 300 
Electron Dose (e-Å-2) 35 35 35 
Model Composition    
Non-hydrogen atoms 52,674 97,108 148,419 
Protein residues 2,406 3,687 6,093 
RNA bases 1,506 3,207 4,713 
Model Refinement    
Resolution (Å) 3.28 3.7 3.4 
Map sharpening B-
factor (Å2) 

-134.86 -85.95 -84.62 

CCmap_model 0.789 0.775 0.804 
RMS deviation    
Bonds (Å) 0.02 0 0.01 
Angles (°) 1.04 0.71 1.03 
Validation 
(proteins) 

   

Molprobity score 2.22 (63rd 
percentile) 

2.64 (39th 
percentile) 

2.57 (43rd 
percentile) 

Clashscore, all atoms 16.04 (45th 
percentile) 

16.47 (43rd 
percentile) 

18.45 (36th 
percentile) 

Poor rotamers (%) 0.90 3.4 2.39 
Favoured rotamers 
(%) 

94.05 90.42 91.89 

Ramachandran plot    
Favoured (%) 91.08 90.91 90.98 
Outliers (%) 0.42 1.13 0.85 
Validation (RNA)    
Correct sugar 
puckers (%) 

98.8 99.35 99.77 

Good backbone 
conformations (%) 

74.04 75.05 74.72 

Bond Outliners (%) 0 0 0 
Angle Outliners (%) 0.02 0.01 0.01 
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Figure S1. 
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Figure S1: Cryo-EM data processing pipeline for the 70S-log dataset. Out of 
5231 collected micrographs, 3503 micrographs were selected as good micrographs 
showing minimal drift and no astigmatism. 392K particles were picked semi-
automatically using EMAN 2.11. Images were processed further in RELION 1.42. 2X-
binned particles were sorted with 2D classification. 330K good particles were 
selected and subjected to several rounds of 3D classification with an empty Ec 70S 
ribosome as reference3. In the 3rd round of 3D classification, fine angular sampling 
was applied and one 3D class (with 1313 particles, 0.6% particles) was identified as 
the trans-translating state of ribosome. The final resolution obtained for this class 
after un-binned 3D refinement was 12.5 Å. The rest of the un-binned particles were 
3D-refined generating a 70S map at 3.62 Å resolution. Movie frames were then 
included in the 3D refinement, which yielded in a 3.41 Å resolved map for the 70S 
ribosome. Focused mask refinement of LSU and SSU resulted in two maps resolved 
to 3.28 and 3.71 Å, respectively.   
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Figure S2. 
 

 
 
Figure S2: Estimation of resolution and validation against model-overfitting. 
(a-c) Local resolution estimation with ResMap4 for the 50S and 30S subunits, and 
70S ribosome. Both solvent side views (left) and sliced views (right) are shown. The 
core regions across all three maps are well-resolved (sliced view) compared to the 
peripheral regions. (d-f) Average resolution of the final refined Cryo-EM maps and 
validation against model-overfitting. Red: Fourier Shell Correlation (FSC) curves for 
50S, 30S and 70S maps with estimated average resolutions of 3.3, 3.7, and 3.4 Å, 
respectively, calculated according to the FSC = 0.143 criterion5. Black: FSC curve 
computed between the final Cryo-EM maps and maps generated from refined atomic 
coordinates with resolution calculated according to the FSC = 0.5 criterion. 
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Figure S3. 
 
 

 
 
 
Figure S3: Resolution estimation for the trans-translation and hibernation 
states 70S ribosome maps. FSC curves for (a) trans-translation and (b) hibernation 
state 70S ribosome map as indicated, using FSC= 0.143 criterion5. 
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Figure S4. 
 

 
 
 
Figure S4: Sequence alignment of HPF from Ms, Sa and Tth. The sequence 
alignment between HPF from M. smegmatis, S. aureus and T. thermophilus. The 
sequence similarity between Ms and Sa is 43.5% and between Ms and Tth is 40.2% 
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Figure S5. 
 

 
 
Figure S5: Ribosome purification under high and low salt conditions for Ms 
cultures harvested at different growth periods. Ribosomes purified from Ms 
culture harvested at different growth periods of 24, 48, and 66 h, as indicated. For 
each growth period, ribosomes were purified under low (50 mM Potassium acetate) 
and high salt (500 mM Potassium acetate) conditions. Crude ribosomes were then 
analysed by linear sucrose gradient (10 - 40%) to observe ribosomal profile under 
these conditions. Neither any of the ribosomal subunits (30S and 50S) nor the 100S 
ribosomal dimers could be detected under these conditions even after extended 
stationary phase (66 h growth) while 70S seems to be stably present during 
stationary phases. 
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Figure S6. 
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Figure S6: Comparison between Ms HPF, Sa HPF and Ll HPF. (a) Ribosome 
dimer from Sa (PDB: 5NG8) showing the HPFs from the two small subunits 
interacting with uS2 protein to form stable dimer6. CTD-HPF-1 (red) from SSU-1 
interact with CTD-HPF-2 (purple) of SSU-2 of ribosome dimer. (b) Ribosome dimer 
from Ll (PDB: 5MYJ) showing the CTD-HPF-1 (red) and uS2-1 (yellow) protein at the 
dimer interface7. (c) Super-position of Sa CTD-HPF-1 (red) and Sa uS2-1 (yellow) 
with Ms bS1 OB-domain I (blue) and Ms uS2 (dark green), OB domain-I of Ms bS1 
overlaps with the Sa CTD-HPF-1. (d) OB domains-I and II overlap the Sa CTD-HPF-
2 (purple). (e) Super-position of Ll CTD-HPF (red) and Ll uS2 (yellow) with OB 
domain-I of Ms bS1 (blue) and Ms uS2 (dark green). (f) Super-position of Ms bS1 
(blue) and Ms uS2 (dark green) with Sa CTD-HPF-1 (red), Sa CTD-HPF-2 (purple) 
and Sa uS2 (yellow). (g) Super-position of Ms bS1 (blue) and Ms uS2 (dark green) 
with Ll CTD-HPF (red) and Ll uS2 (yellow) (c-g) show that Ms bS1 sterically clashes 
with the interaction of CTD of HPF from Sa and Ll in their ribosome dimers. (h) 
sequence comparison of CTD between Ms (M. smegmatis), Mtb (M. tuberculosis), 
Sa (S. aureus) and Ll (L. lactis). One out of five conserved residues involved in HPF 
dimer interaction is not conserved in Ms and Mtb (shown in red dotted box)7. 
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Figure S7.  
 

 
 
Figure S7. Analysis of the extra density near the mRNA exit channel in the 
Hibernating state map. The models of Ms HPF CTD (a) and Ms bS1 OB-I (b) were 
fitted into the extra density observed near the mRNA exit site of the hibernating state 
70S map. The Ms bS1 fitted well into this density compared to Ms HPF CTD. The Ms 
HPF CTD is shown in the same orientation as found in the S. aureus and L. lactis 
100S dimers6,7.  
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Figure S8. 
 

 
 
 
 
 
Figure S8: Comparison of S1 structure in association with the ribosome as 
captured in different studies. (a) Ms bS1 N-terminal a-helix (blue) in P/P map 
(filtered to 10 Å), along with H54a (deep red) and uS2 (yellow). (b) Ms bS1 (deep-
blue) with its four OB domains in hibernating map along with H54a (deep red) and 
uS2 protein (yellow). (c) Cryo-EM density for bS1 in RNA polymerase-bound Ec SSU 
(PDB ID: 6AWB)8. Model for bS1 is shown in dark green and uS2 in yellow. (d) Cryo-
EM density of bS1 in Ec SSU (PDB ID: 4TOI)9. (e) Cryo-EM bS1 density on the Ec 
ribosome bound to translocon SecY (PDB ID: 3J46)10. (f) Cryo-EM density of bS1c in 
the chloroplast SSU (PDB ID: 5X8R)11. 
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Figure S9. 
 

 
 

 
 
sequence coverage = 75% 
 
 
Figure S9: Mass spectrometry analysis of bS1 protein from stationary phase 
70S ribosomes. The sequences colored in bold red are the matched peptides from 
peptide mass fingerprinting. The sequence coverage obtained was 75%, with the 
highest hit for bS1 protein from Mycobacterium smegmatis.  
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Figure S10. 
 

 
 
Figure S10: Sequence alignment of bS1 from Ms, Sa and Ll. The sequence 
alignment between bS1 from M. smegmatis (Ms), S. aureus (Sa) and L. lactis (Ll) 
shows that Ms bS1 is significantly different when compared with Sa and Ll bS1.  
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Figure S11. 
 

 
Figure S11: Secondary structure diagram of Ms tmRNA. Secondary structure of 
tmRNA from Ms, highlighting the structural domains TLD, MLD, pseudoknots and 
helices. MLD coding for protein degradation tag (ADSNQRDYALAA) is underlined 
with resume codon shown in red and stop codon in black. The different domains are 
colored similar to fig. 3b. The dots denote counts after every 10 nucleotides. Watson-
crick base pairs are shown in lines (-), G๏U base pairs with rings (๏), and non-
standard base pairs with dots (•). The figure is adapted from tmRNA database 
website12. 
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Figure S12. 
 

 
 
Figure S12: Structure of tmRNA in the trans-translating 70S map. (a) Fitted 
tmRNA model with the extracted density filtered to 15 Å. tmRNA density is shown in 
transparent grey surface and different domains of tmRNA are colored similar to fig. 
3b. (b) Comparison of tmRNA from Ms (purple) and Tth (grey) (PDB: 3IYR) and 
sequence comparison of the degradation tags encoded by MLD. An insertion of 9 
nucleotides is boxed in the MLD of Ms13.  
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Figure S13. 
 

 
 
 
 
Figure S13: mRNA exit site. (a) Atomic models of the Ms (light blue) and Ec 
ribosomes (grey, PDB ID: 4YBB)14 are super-positioned to show the overall 
conserved architecture of the mRNA exit site. Protein bS21 (highlighted in deep-
grey) is absent in Ms. Models for the helix H54a and protein bS1 are hidden for 
clarity. (b) The super-position between Ms and Ec ribosome models as in (a) but with 
the presence of Ms bS1 (deep-blue) and Ms H54a (deep-red).  
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Figure S14. 
 
 

 
 
 
Figure S14: bS1 density in the P/P state 70S ribosome. bS1 density in P/P state 
70S map when filtered to 10 Å and shown at 0.01 threshold in UCSF Chimera15. The 
density of N-terminal a-helix appears at this resolution. A fragmented density is 
observed for the first OB domain. 
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Figure S15. 
 

 
 
Figure S15: Quality of the P/P state (3.4 Å) and hibernating state (4.1 Å) maps. 
(a and d) A part of 23S rRNA (Helix 11) showing the quality of map and fitting of 
nucleotides. (b and e) Density and fitting of a small part of 23S rRNA (C2271-A2305) 
extracted in chimera. (c and f) Density and fitting of LSU protein bL28 extracted in 
chimera. a-c, P/P state (3.4 Å) map; d-f hibernating state (4.1 Å) map. 
	
	
	
	
	
	
	
	
	
	



	 25	

Figure S16. 
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Figure S16: Local agreement between the cryo-EM maps and models. The 50S 
subunit (a), 30S subunit (b), and 70S (c) cryo-EM maps from P/P state are colored 
based on the local correlation values between the cryo-EM maps and respective 
atomic models (calculated using UCSF Chimera15) to indicate the presence of 
minimal overfitting in the final models. 
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